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(57)Abstract: 

PURPOSE: To completely prevent respectively a 
misfire from being generated and an NOX generating 
amount from increasing even when not realized-a 
desired recirculation rate due to an adjusting delay by 
actuating together two kinds of fuel injection valves 
when detected the adjusting delay of recirculated 
exhaust gas amount. 

CONSTITUTION: An internal combustion engine is 
provided with the first fuel injection valve 7 for 
attaining stratified combustion by directly injecting 
fuel into a combustion chamber 1 and the second fuel 
injection valve 10 for attaining uniform combustion by 
injecting fuel to an intake passage 3 in the 
downstream of a throttle valve 9. On the other hand, 

the intake passage 3 in the downstream of the throttle valve 9 communicates with an 
exhaust passage 5 in an exhaust gas recirculating passage 1 1, to arrange therein a 
control valve 12 for controlling a recirculating exhaust gas amount. Here in a control device 
20, based on each detection signal from each sensor 21 to 23 for detecting an operating 
condition of the internal combustion engine, both the fuel injection valves 7, 10 are 
switched to be actuated. When an adjusting delay of the recirculating exhaust gas amount 
is detected at switching time, both the fuel injection valves 7, 10 are actuated together. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Exhaust gas recirculation and the 1st fuel injection valve for injecting a direct fuel into a 
gas column and realizing stratification combustion, The 2nd fuel injection valve for injecting a fuel 
to an inhalation-of-air path, and realizing homogeneity combustion, It is a fuel-injection control unit 
for the internal combustion engine which has the control valve which controls the amount of exhaust 
gas which carries out recycling so that it may be prepared in said exhaust gas recirculation and the 
optimal EGR rate according to a combustion method and engine operational status may be realized. 
The 1st fuel-injection control means which said 1st fuel injection valve and said 2nd fuel injection 
valve are switched [ control means ] according to engine operational status, and performs fuel 
injection, A detection means to detect the increase and decrease of delay of the amount of recycling 
exhaust gas which minds said control valve at the time of a switch of fuel injection, It is the fuel- 
injection control unit of the internal combustion engine characterized by providing the 2nd fuel- 
injection control means which performs fuel injection by said both 1st and 2nd fuel injection valves 
while said increase and decrease of delay are detected by said detection means. 
[Claim 2] Exhaust gas recirculation and the 1st fuel injection valve for injecting a direct fuel into a 
gas column and realizing stratification combustion, The 2nd fuel injection valve for injecting a fuel 
to an inhalation-of-air path, and realizing homogeneity combustion, It is a fuel-injection control unit 
for the internal combustion engine which has the control valve which controls the amount of exhaust 
gas which carries out recycling so that it may be prepared in said exhaust gas recirculation and the 
optimal EGR rate according to a combustion method and engine operational status may be realized. 
The 1st fuel-injection control means which said 1st fuel injection valve and said 2nd fuel injection 
valve are switched [ control means ] according to engine operational status, and performs fuel 
injection, A detection means to detect the increase and decrease of delay of the amount of recycling 
exhaust gas which minds said control valve at the time of a switch of fuel injection, It is the fuel- 
injection control unit of the internal combustion engine characterized by providing the switch means 
for stopping which stops a switch of the fuel injection by said 1st fuel-injection control means while 
said increase and decrease of delay are detected by said detection means. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the fuel-injection control unit in the 
internal combustion engine which switches and uses the 1st fuel injection valve which injects a 
direct fuel, and the 2nd fuel injection valve which injects a fuel to an inhalation-of-air path according 
to engine operational status into a gas column while having exhaust gas recirculation. 
[0002] 

[Description of the Prior Art] The internal combustion engine which has the 1st fuel injection valve 
which injects a direct fuel into a gas column, and the 2nd fuel injection valve which injects a fuel to 
an inhalation-of-air path, realizes stratification combustion of low fuel consumption using the 1st 
fuel injection valve at the time of the low loading side operating range of under a predetermined 
engine load, and realizes homogeneity combustion from which high power is obtained using the 2nd 
fuel injection valve at the time of a heavy load side operating range more than a predetermined 
engine load is well-known. 

[0003] On the other hand, by carrying out recycling of the exhaust gas whose principal component is 
inert gas to a combustion chamber, with the heat capacity which inert gas has, exhaust gas recycling 
reduces combustion temperature and reduces the yield of NOx. While the above-mentioned NOx 
reduction effectiveness improves so that there are many amounts of exhaust gas which carry out 
recycling, since reduction of the pumping loss of the part is possible, the thing of the amount of 
exhaust gas occupied within a gas column enlarged comparatively (it expresses as an EGR rate 
below) as much as possible is desirable. However, in order to accompany exhaust gas recycling by 
ignitionability and inflammable aggravation by one side, the maximum in the range in which the 
output of ignitionability with the positive EGR rate for every engine load and a request is obtained is 
set up. Thus, if the set-up EGR rate becomes so small that an engine load is large in the same 
combustion and stratification combustion is compared with homogeneity combustion, since former 
one of ignitionability is good, at the time of stratification combustion, the EGR rate is enlarged from 
the time of the homogeneity combustion in the same engine load. Control of an actual EGR rate is 
performed by controlling the opening of the control valve arranged in an exhaust gas recycling path. 
[0004] Therefore, in the internal combustion engine with which stratification combustion and 
homogeneity combustion are switched as mentioned above, in order to realize a desired EGR rate at 
the time of this switch, opening change of a control valve will become quite big. However, even if a 
control valve is opened and closed rapidly, it does not immediately fluctuate and the amount of 
exhaust gas which carries out recycling cannot realize a desired EGR rate in the meantime. In a 
flame failure's occurring with aggravation of ignitionability when exceeding a desired EGR rate, and 
being less, the yield of NOx increases. 

[0005] What uses together the fuel injection valve of both predetermined time at the time of a switch 
of stratification combustion and homogeneity combustion is indicated by JP,63-154816,A. By this, 
when switched to homogeneity combustion from stratification combustion, since stratification 
combustion is used together, predetermined time Even if a permissible EGR rate increases and it 
exceeds a desired EGR rate, when generating of a flame failure can be prevented and it is conversely 
switched to stratification combustion from homogeneity combustion, since homogeneity combustion 
is used together, predetermined time the gaseous mixture formed in the perimeter section of a 
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combustion chamber — the fault at the time of stratification combustion ~ a Lean thing — a rich side 
— becoming — NOx ~ generating — being hard — the yield of NOx can be decreased even if the 
amount of recycling exhaust gas is the same. 
[0006] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional technique, since the 
period which uses both fuel injection valves together is always predetermined time, especially, the 
EGR rate of the request by it being a comparatively big thing over the predetermined load at the time 
of a switch of stratification combustion and homogeneity combustion of an engine change of load 
after predetermined time progress may not be acquired, and the above-mentioned problem still 
occurs at this time. 

[0007] Therefore, the purpose of this invention is set to the internal combustion engine which 
switches the homogeneity combustion which uses the 2nd fuel injection valve which injects a fuel 
according to engine operational status to the stratification combustion which uses the 1 st fuel 
injection valve which injects a direct fuel, and an inhalation-of-air path into a gas column while it 
has exhaust gas recirculation. Even if a desired EGR rate is not realized by the increase and decrease 
of delay of recycling exhaust gas at the time of this switch, it is offering the fuel-injection control 
unit which can prevent completely generating of a flame failure, and the increment in the yield of 
NOx. 
[0008] 

[Means for Solving the Problem] The fuel-injection control unit of the first internal combustion 
engine by this invention Exhaust gas recirculation and the 1st fuel injection valve for injecting a 
direct fuel into a gas column and realizing stratification combustion, The 2nd fuel injection valve for 
injecting a fuel to an inhalation-of-air path, and realizing homogeneity combustion, It is a fuel- 
injection control unit for the internal combustion engine which has the control valve which controls 
the amount of exhaust gas which carries out recycling so that it may be prepared in said exhaust gas 
recirculation and the optimal EGR rate according to a combustion method and engine operational 
status may be realized. The 1st fuel-injection control means which said 1st fuel injection valve and 
said 2nd fuel injection valve are switched [ control means ] according to engine operational status, 
and performs fuel injection, A detection means to detect the increase and decrease of delay of the 
amount of recycling exhaust gas which minds said control valve at the time of a switch of fuel 
injection, While said increase and decrease of delay are detected by said detection means, it is 
characterized by providing the 2nd fuel-injection control means which performs fuel injection by 
said both 1st and 2nd fuel injection valves. 

[0009] Moreover, the fuel-injection control unit of the second internal combustion engine by this 
invention Exhaust gas recirculation and the 1st fuel injection valve for injecting a direct fuel into a 
gas column and realizing stratification combustion, The 2nd fuel injection valve for injecting a fuel 
to an inhalation-of-air path, and realizing homogeneity combustion, It is a fuel-injection control unit 
for the internal combustion engine which has the control valve which controls the amount of exhaust 
gas which carries out recycling so that it may be prepared in said exhaust gas recirculation and the 
optimal EGR rate according to a combustion method and engine operational status may be realized. 
The 1st fuel-injection control means which said 1st fuel injection valve and said 2nd fUel injection 
valve are switched [ control means ] according to engine operational status, and performs fuel 
injection, A detection means to detect the increase and decrease of delay of the amount of recycling 
exhaust gas which minds said control valve at the time of a switch of fuel injection, While said 
increase and decrease of delay are detected by said detection means, it is characterized by providing 
the switch means for stopping which stops a switch of the fuel injection by said 1st fuel-injection 
control means. 
[0010] 

[Function] The first above-mentioned internal combustion engine's fuel-injection control unit 
Exhaust gas recirculation and the 1st fuel injection valve for injecting a direct fuel into a gas column 
and realizing stratification combustion, The 2nd fuel injection valve for injecting a fuel to an 
inhalation-of-air path, and realizing homogeneity combustion, In the fuel-injection control unit for 
the internal combustion engine which has the control valve which controls the amount of exhaust gas 
which carries out recycling so that it may be prepared in exhaust gas recirculation and the optimal 
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EGR rate according to a combustion method and engine operational status may be realized The 1st 
fuel-injection control means switches the 1st fuel injection valve and the 2nd fiiel injection valve 
according to engine operational status, and fuel injection is performed. The increase and decrease of 
delay of the amount of recycling exhaust gas to which a detection means minds a control valve at the 
time of a switch of fuel injection are detected, and the 2nd fuel-injection control means performs fuel 
injection by both 1st and 2nd fuel injection valves, while the increase and decrease of delay of the 
amount of recycling exhaust gas are detected by the detection means. 

[001 1] Moreover, the second above-mentioned internal combustion engine's fuel-injection control 
unit Exhaust gas recirculation and the 1st fuel injection valve for injecting a direct fuel into a gas 
column and realizing stratification combustion, The 2nd fuel injection valve for injecting a fuel to an 
inhalation-of-air path, and realizing homogeneity combustion, It is a fuel-injection control unit for 
the internal combustion engine which has the control valve which controls the amount of exhaust gas 
which carries out recycling so that it may be prepared in exhaust gas recirculation and the optimal 
EGR rate according to a combustion method and engine operational status may be realized. The 1 st 
fuel-injection control means switches the 1st fuel injection valve and the 2nd fiiel injection valve 
according to engine operational status, and fuel injection is performed. The increase and decrease of 
delay of the amount of recycling exhaust gas to which a detection means minds a control valve at the 
time of a switch of fuel injection are detected, and a switch means for stopping stops a switch of the 
fuel injection by the 1st fuel-injection control means, while the increase and decrease of delay of the 
amount of recycling exhaust gas are detected by the detection means. 
[0012] 

[Example] Drawing 1 is the outline sectional view of the internal combustion engine for which the 
fuel-injection control unit by this invention was prepared. In this drawing, the inhalation-of-air path 
which a combustion chamber and 2 mind a piston, and, as for 1, 3 minds an inlet valve 4, and leads 
to a combustion chamber 1, and 5 are flueways which lead to a combustion chamber 1 through an 
exhaust valve 6. 7 is the 1st fuel injection valve for injecting a direct fuel in a combustion chamber 1 . 
Moreover, 8 is an ignition plug. 

[0013] A throttle valve 9 is arranged at the inhalation-of-air path 3, and the 2nd fuel injection valve 
10 which injects a fuel to the inhalation-of-air path 3 is installed in the lower stream of a river of a 
throttle valve 9. Moreover, throttle-valve 9 lower stream of a river and flueway 5 of the inhalation- 
of-air path 3 are opened for free passage by the exhaust gas recycling path 11, and the control valve 
12 for controlling the amount of exhaust gas which carries out recycling is arranged in this exhaust 
gas recycling path 1 1 . 13 is driving gears, such as a step motor for driving this control valve 12. 
[0014] The fuel-injection control whose 20 minds the 1st fuel injection valve 7 and the 2nd fuel 
injection valve 10, It is the control unit which takes charge of opening control of the control valve 12 
through a driving gear 1 3 . As the rotation sensor 22 and engine temperature for detecting the 
accelerator pedal stroke sensor 21 and engine rotational frequency which detect the amount of 
treading in of the accelerator pedal as an engine load The sensor for determining the engine 
operational status of the cooling coolant temperature sensor 23 grade for detecting ****** water 
temperature is connected. 

[0015] Stratification combustion of low fuel consumption is realized by injecting a fuel in the 
compression stroke last stage using the 1 st fuel inj ection valve at the time under of a predetermined 
load, and, as for the above-mentioned internal combustion engine, an inhalation-of-air line more 
nearly already realizes homogeneity combustion from which high power is obtained using the 2nd 
fuel injection valve at the time more than a predetermined load because before or an inhalation-of-air 
line injects a fuel in inside, so that it may be well-known. 

[0016] Opening control of a control valve 12 is performed by the map shown in drawing 2 based on 
the amount L of treading in of the accelerator pedal as an engine load detected by the accelerator 
pedal stroke sensor 21 for every one engine revolution. As for this map, the opening theta of a 
control valve 12 by which the maximum EGR rate in the range in which the output of positive 
ignitionability and a request is obtained is realized is set up for every engine load. Therefore, if this 
opening theta is set up so that it may become so small that an engine load is large in the same 
combustion, and stratification combustion is compared with homogeneity combustion, at the time of 
the stratification combustion below predetermined load LI, it is more possible than the time of the 
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homogeneity combustion in the same engine load to enlarge an EGR rate, and since former one of 
ignitionability is good, Opening theta is set up so that it may change a lot by the predetermined load 
LI. 

[0017] In opening control of such a control valve 12, if it is engine load within the limits with which 
the same combustion is performed, opening change of the control valve 12 to a change of load is 
comparatively small, recycling of the exhaust gas of the amount according to the opening of a 
control valve 12 can be carried out, and the EGR rate of the request in the load after change can be 
realized momentarily. However, if the change of load over the load LI with which stratification 
combustion and homogeneity combustion switch occurs, opening change of a control valve 12 
becomes very large, the amount of exhaust gas which carries out recycling does not immediately 
fluctuate it to the amount of requests at this time, and a desired EGR rate cannot be realized in the 
meantime. 

[0018] The fuel-injection control device of this example performs fuel-injection control by the 1st 
fuel injection valve 7 and the 2nd fuel injection valve 10 with the 1st flow chart shown in drawing 3 . 
This flow chart is performed for every one engine revolution. First, the amount L of treading in of 
the accelerator pedal as an engine load is detected by the accelerator pedal stroke sensor 21, and the 
engine rotational frequency N is detected by the rotation sensor 22 in step 101, and the cooling water 
temperature T as engine temperature is detected by the cooling coolant temperature sensor 23. 
[0019] Next, in step 102, it is judged whether the current load L is, more than 1 [ load L] combustion 
switches. When this decision is affirmed, it progresses to step 103, and the fuel oil consumption Ql 
at the time of homogeneity combustion is determined based on the current load L detected in step 
101, a rotational frequency N, and the engine temperature T, and it progresses to step 104. 
[0020] Flag F is set [ in / fuel injection of the fuel oil consumption Ql determined / in / using the 2nd 
fuel injection valve 10 / it is shown that combustion / in / when it is judged whether Flag F is 0 in 
step 104 and this decision is affirmed / the last processing / is homogeneity combustion, progress to 
step 105, and / in this time / step 103 / is performed, and / step 106 ] to 0, and it ends. 
[0021] On the other hand, when the decision in step 102 is affirmed, it progresses to step 107, the 
fuel oil consumption Q2 at the time of stratification combustion is determined based on the current 
load L detected in step 101, a rotational frequency N, and the engine temperature T, and it progresses 
to step 108. Flag F is set [ in / fuel injection of the fuel oil consumption Q2 determined / in / using 
the 1st fuel injection valve 7 / it is shown that combustion / in / when it is judged whether Flag F is 1 
in step 108 and this decision is affirmed / the last processing / is stratification combustion, progress 
to step 109, and / in this time / step 107 / is performed, and / step 1 10 ] to 1, and it ends. 
[0022] Moreover, when the decision in step 104 is denied (i.e., when the last combustion is not 
homogeneity combustion), it progresses to step 1 1 1 . At this time, it is a time of switching from 
stratification combustion to homogeneity combustion, as mentioned above, the reduction delay of the 
exhaust gas which carries out recycling occurs, and actual EGR rate R' shown as a continuous line to 
EGR rate R of the request shown by the dotted line like the timing diagram shown in drawing 5 
exceeds it for a while. This flow chart computes actual EGR rate R' by the degree type (1) in step 
112. 

R'=R*-(R' - R) *xl -- (1) 

Here, R' in left part is the last actual EGR rate, and is an EGR rate in the last stratification 
combustion at the beginning. R is the EGR rate of the request in this homogeneity combustion, and 
xl is the percentage reduction of the EGR rate in activation spacing of this flow chart. 
[0023] Next, in step 1 13, it is judged whether the difference of computed current actual EGR rate R' 
and EGR rate R of the request at this time is below the predetermined value A of about zero. It is 
denied and this decision progresses to step 1 13 at the beginning, and it is injected in each fuel 
injection timing using both the 1st fuel injection valve 7 and the amount of the 2nd fuel injection 
valve, and in step 114, fuel oil consumption Ql determined in step 103 is set to 2, and ends Flag F. 
[0024] In next processing, since Flag F is set to 2, when the decision in step 104 is denied, the 
processing after step 1 1 1 is repeated again and the decision in step 1 12 is affirmed (i.e., when a 
desired EGR rate is realized mostly), it progresses to step 105 and fuel injection which uses only the 
2nd fuel injection valve 10 is performed. 

[0025] Thus, since fuel injection by the 1st fuel injection valve 7 is also performed and stratification 
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combustion is used together while the actual EGR rate has exceeded the EGR rate of the request in 
homogeneity combustion according to the reduction delay of recycling exhaust gas, the permissible 
EGR rate of combustion is raised and a flame failure can be prevented. 

[0026] On the other hand, when the decision in step 108 is denied (i.e., when the last combustion is 
not stratification combustion), it progresses to step 1 15. At this time, it is a time of switching from 
homogeneity combustion to stratification combustion, as mentioned above, the increment delay of 
the exhaust gas which carries out recycling occurs, and actual EGR rate R' shown as a continuous 
line to EGR rate R of the request shown by the dotted line like the timing diagram shown in drawing 
6 is less than it for a while. This flow chart computes actual EGR rate R' by the degree type (2) in 
step 1 1 0. 

R'^R'+CR-R 1 ) *x2 - (1) 

Here, R f in left part is the last actual EGR rate, and is an EGR rate in the last homogeneity 
combustion at the beginning. R is the EGR rate of the request in this stratification combustion, and 
x2 is the rate of increase of the EGR rate in activation spacing of this flow chart. 
[0027] Next, in step 1 1 7, it is judged whether the difference of EGR rate R of the request at this time 
and computed current actual EGR rate R 1 is below the predetermined value A of about zero. It is 
denied and this decision progresses to step 1 17 at the beginning, and it is injected in each fuel 
injection timing using both the 1st fuel injection valve 7 and the amount of the 2nd fuel injection 
valve, and in step 118, fuel oil consumption Q2 determined in step 107 is set to 2, and ends Flag F. 
[0028] In next processing, since Flag F is set to 2, when the decision in step 108 is denied, the 
processing after step 1 15 is repeated again and the decision in step 1 10 is affirmed (i.e., when a 
desired EGR rate is realized mostly), it progresses to step 109 and fuel injection which uses only the 
1st fuel injection valve 7 is performed. 

[0029] Thus, while the actual EGR rate is less than the EGR rate of the request in stratification 
combustion with the increment delay of recycling exhaust gas 2nd fuel injection valve 10 since fuel 
injection to depend is also performed and homogeneity combustion is used together the gaseous 
mixture formed in the perimeter section of a combustion chamber 1 — the fault at the time of 
stratification combustion — a Lean thing — a rich side — becoming — NOx — generating — being hard 
— the yield of NOx can be decreased even if recycling of the exhaust gas of the amount of requests is 
not carried out. 

[0030] Moreover, the 2nd flow chart shown in drawing 4 is one flow chart which will be accepted 
for the fuel- injection control by the 1st fuel injection valve 7 and the 2nd fuel injection valve 10. 
Only the difference from the 1st above-mentioned flow chart is explained. 
[003 1 ] In this flow chart, in step 204, when it progresses to step 211 and actual EGR rate R' is 
computed like the above-mentioned, when it is judged whether Flag F is 0 and this decision is denied 
(i.e., when the last combustion is not homogeneity combustion), and the decision in the same step 
212 as the above-mentioned is denied, processing after step 207 is performed. That is, the fuel oil 
consumption Q2 at the time of stratification combustion of the current engine operational status 
determined in step 207 is injected using the 1st fuel injection valve 7. 

[0032] Thus, in order not to switch combustion until a desired EGR rate is realized, as a fuel is 
injected by the 1st fuel injection valve 7, and stratification combustion is performed, namely, it is 
shown in drawing 7 corresponding to above-mentioned drawing 5 while the actual EGR rate has 
exceeded the EGR rate of the request in homogeneity combustion according to the reduction delay of 
recycling exhaust gas, a permissible EGR rate is raised and a flame failure can be prevented. 
[0033] On the other hand, when it progresses to step 215 and actual EGR rate R' is computed like the 
above-mentioned, when it is judged whether Flag F is 1 and this decision is denied (i.e., when the 
last combustion is not stratification combustion), and the decision in the same step 216 as the above- 
mentioned is denied in step 208, processing after step 203 is performed. That is, the fuel oil 
consumption Ql at the time of homogeneity combustion of the current engine operational status 
determined in step 203 is injected using the 2nd fuel injection valve 10. 

[0034] Thus, while the actual EGR rate is less than the EGR rate of the request in stratification 
combustion with the increment delay of recycling exhaust gas In order not to switch combustion 
until a desired EGR rate is realized, as a fuel is injected by the 2nd fuel injection valve 10, and 
homogeneity combustion is performed, namely, it is shown in drawing 8 corresponding to above- 
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mentioned drawing 6 the gaseous mixture formed in the perimeter section of a combustion chamber 
1 — the fault at the time of stratification combustion — a Lean thing — a rich side — becoming — NOx 
— generating — being hard — the yield of NOx can be decreased. 

[0035] In the fuel injection in step 1 13 in the 1st above-mentioned flow chart, the fuel quantity 
injected by the 1st fUel injection valve 7 is controlled to make it so few that a difference with the 
EGR rate of EGR rate R' actual as an upper limit and a request of the specified quantity become 
small, and the quantity of at this rate is decreased from the fuel oil consumption Ql as which the fuel 
quantity injected by the 2nd fuel injection 10 is determined in step 103. Moreover, the quantity of at 
this rate is decreased from the fuel oil consumption Q2 as which the fuel quantity which is controlled 
to decrease similarly gradually the quantity of the fuel quantity injected by the 2nd fuel injection 
valve 10 in step 117, and is injected by the 1st fuel injection valve 7 is determined in step 107. The 
combustion which suits an actual EGR rate by that cause is realizable. 

[0036] However, this invention is not limited to such fuel-oil-consumption control. For example, 
while controlling to make fuel quantity injected by the 2nd fuel injection valve 10 in step 1 17 so few 
that a difference with the EGR rate of EGR rate R 1 actual as an upper limit and a request of the 
specified quantity become small like the above-mentioned By making it inject, without decreasing 
the quantity of the fuel oil consumption Q2 determined in step 107 in the fiiel quantity injected by 
the 1st fuel injection valve 7 Gaseous mixture formed in the perimeter section of a combustion 
chamber can be further made into a rich side, and it enables this to reduce further NOx generated at 
this time. 
[0037] 

[Effect of the Invention] Thus, according to the fuel-injection control unit of the first internal 
combustion engine by this invention Exhaust gas recirculation and the 1st fuel injection valve for 
injecting a direct fuel into a gas column and realizing stratification combustion, The 2nd fuel 
injection valve for injecting a fuel to an inhalation-of-air path, and realizing homogeneity 
combustion, In the fuel-injection control unit for the internal combustion engine which has the 
control valve which controls the amount of exhaust gas which carries out recycling so that it may be 
prepared in exhaust gas recirculation and the optimal EGR rate according to a combustion method 
and engine operational status may be realized The 1st fuel-injection control means switches the 1st 
fuel injection valve and the 2nd fuel injection valve according to engine operational status, and fuel 
injection is performed. The increase and decrease of delay of the amount of recycling exhaust gas to 
which a detection means minds a control valve at the time of a switch of fuel injection are detected. 
The 2nd fuel-injection control means performs fuel injection by both 1st and 2nd fuel injection 
valves, while the increase and decrease of delay of the amount of recycling exhaust gas are detected 
by the detection means. To a sake A desired EGR rate is not realized by the increase and decrease of 
delay of the amount of recycling exhaust gas. When an actual EGR rate exceeds it, prevent a flame 
failure by using stratification combustion together and raising the permissible EGR rate of 
combustion, and by making into a rich side gaseous mixture which uses homogeneity combustion 
together and is formed in the perimeter section of a combustion chamber from the time of 
stratification combustion, in being less Since it is hard coming to generate NOx, the increment in the 
yield of NOx can be prevented. 

[0038] According to the fuel-injection control unit of the second internal combustion engine by this 
invention, moreover, exhaust gas recirculation, The 1st fuel injection valve for injecting a direct fuel 
into a gas column and realizing stratification combustion, The 2nd fuel injection valve for injecting a 
fuel to an inhalation-of-air path, and realizing homogeneity combustion, It is a fuel-injection control 
unit for the internal combustion engine which has the control valve which controls the amount of 
exhaust gas which carries out recycling so that it may be prepared in exhaust gas recirculation and 
the optimal EGR rate according to a combustion method and engine operational status may be 
realized. The 1st fuel-injection control means switches the 1st fuel injection valve and the 2nd fuel 
injection valve according to engine operational status, and fuel injection is performed. The increase 
and decrease of delay of the amount of recycling exhaust gas to which a detection means minds a 
control valve at the time of a switch of fuel injection are detected. In order for the 3rd fuel-injection 
control means to stop a switch of the fuel injection by the 1st fuel-injection control means while the 
increase and decrease of delay of the amount of recycling exhaust gas are detected by the detection 
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means When a desired EGR rate is not realized but an actual EGR rate exceeds it by the increase and 
decrease of delay of the amount of recycling exhaust gas, stratification combustion is made to 
maintain, a flame failure is prevented like the above-mentioned, when less, homogeneity combustion 
can be made to be able to maintain and the increment in the yield of NOx can be prevented like the 
above-mentioned. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
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